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Key indicators: single-crystal X-ray study; T = 200 K; mean fT(C-C) = 0.003 A; 
disorder in main residue; R factor = 0.038; wR factor = 0.093; data-to-parameter 
ratio = 12.8. 



There are two independent molecules in the asymmetric unit 
of the title compound, C16H11CIN2S2. The structure exhibits 
rotational disorder of the 2-thiophen-2-yl substituent in each 
of the unique molecules with a major:minor component ratio 
of 0.927 (2):0.073 (2). For one of the symmetry-unique 
molecules, 6.0 (2)% of the sites are occupied by the 6- 
chloro-isomer. The major component thiophene rings make 
dihedral angles of 38.90 (12) and 36.32 (11)° with the 
benzimidazole rings in the two independent molecules. In 
the crystal, molecules are linked into chains parallel to [100] 
via weak C— H- ■ N interactions. 




Experimental 

Crystal data 

CieHuClNjSj 
Mr = 330.84 
Monoclinic, Pl^/n 
a = n.lAOl (11) A 
b = 10.5126 (8) A 
c = 22.955 (2) A 
P = 100.461 (3)° 

Data collection 

Bruker SMART X2S benchtop 
diffractometer 

Absorption correction: multi-scan 
{SADABS; Bruker, 2010) 
r„i„ = 0.62, r„„„ = 0.90 

Refinement 

R[F^ > 2a(F^)] = 0.038 

wR{F^) = 0.093 

S = 1.08 

5356 reflections 

420 parameters 



V = 3023.4 (4) a' 
Z = 8 

Mo Ka radiation 
/i = 0.52 mm^' 
r = 200 K 

0.80 X 0.40 X 0.20 mm 



32145 measured reflections 
5356 independent reflections 
4419 reflections with / > 2cr(/) 
Ri„, = 0.072 



227 restraints 

H-atom parameters constrained 
Ap„„, = 0.34 e A"' 
= -0.44 e A"' 



Related literature 

For the structure of 6-chloro-2-(thiophen-2-yl)-l-(thiophen- 
2-ylmethyl)-l//-benzimidazole, see: Geiger & Nelhst (2013). 
For the structure of the 5-bromo analogue, see: Geiger & 
Destefano (2012). 



Table 1 

Hydrogen-bond geometry (A, °). 



D-H-A 


D-H 


H-A 


D-A 


D-H- - A 


C22-H22- ■ -m 


0.95 


2.68 


3.581 (3) 


159 


C28-H28B- ■ ■N2 


0.99 


2.58 


3.460 (3) 


148 


C3'-H3'- ■ W 


0.95 


2.68 


3.584 (3) 


159 


CU'-HUA'- ■ -NA 


0.99 


2.62 


3.514 (3) 


150 



Symmetry code: (i) x — 1, y, z. 



Data collection: APEX2 (Bruker, 2010); cell refinement: SAINT 
(Bruker 2010); data reduction: SAINT; prograni(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SIIELXL97 (Sheldrick, 2008); molecular graphics: 
PLATON (Spek, 2009) and Mercury (Macrae et al, 2008); software 
used to prepare material for publication: publCIF (Westrip, 2010). 
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5-Chloro-2-(thiophen-2-yl)-1-(thiophen-2-ylmethyl)-1H-benzimidazole-6- 
chloro-2-(thiophen-2-yl)-l -(thiophen-2-ylmethyl)-l H-benzimidazole (0.94/0.06) 

David K. Geiger and Michael R. Nellist 

1 . Comment 

The title compound crystallized with two independent molecules in the asymmetric unit and is isomorphic with the 
corresponding 5-bromo derivative (Geiger & Destefano, 2012). Crystallization occurs with 6.0 (2)% of one of the sites 
(molecule 1) occupied by 6-chloro-2-(thiophen-2-yl)-l-(thiophen-2-ylmethyl)-l//-benzimidazole. Interestingly, the 
previously reported structure of the 6-chloro analogue displays co-crystallization with 3.1 (2)% of the 5-chloro derivative 
(Geiger & NeUist, 2013). Figure 1 shows a perspective view of the two molecules m the asymmetric unit with the atom- 
labelmg scheme. Bond distances and angles agree well those reported for the 6-chloro analogue (Geiger & NeUist, 2013). 

The benzimidazole moieties are essentially planar with r. m. s. deviation = 0.0150 A for molecule 1 and 0.0183 A for 
molecule 2. The greatest deviation from planarity is 0.0235 (19) A for C4 in molecule 1 and 0.0271 (19) A for C21 in 
molecule 2. In both molecules, the 2-thiophene substituents are rotationally disordered with a major:minor component 
refined-occupancy ratio of 0.927 (2):0.073 (2). The major component thiophene rings are canted 38.90 (12)° and 
36.32 (11)° from the benzimidazole rings for molecules 1 and 2, respectively. 

Chains of molecules parallel to [1 0 0] are held together via weak C — H— N and C — H— thiophene ring interactions. The 
motif is shown in Figure 2. The H6— thiopheneS4 centroid distance is 2.60 A and the H19— thiopheneS2 centroid distance 
is 2.66 A. 

2. Experimental 

l,2-diamine-4-chlorobenzene (6.3 mmol, 0.90 g) was dissolved in 30 mL ethanol under nitrogen. Two equivalents of 2- 
thiophenecarboxaldehyde (1.3 mL) was added dropwise. After three days, the solvent was removed imder reduced 
pressure and the crude product was chromatographed (sihca gel) using a mixture of 30% hexane in ethyl acetate. The first 
fi-action produced hexagonal shaped crystals (Geiger & Nellist, 2013) and the second fraction produced needle-shaped 
crystals on slow evaporation. Crystals from the second fraction were used for X-ray diffraction experiments. The overall 
yield was 59%. 

3. Refinement 

Crystal data, data collection and structure refmement details are summarized in Table 1 . All hydrogen atoms were 
observed in difference fourier maps. The H atoms were refmed using a riding model with a C — H distance of 0.99 A for 
the methylene carbon atoms and 0.95 A for the phenyl and thiophene carbon atoms. All C — H hydrogen atom thermal 
parameters were set using the approximation C/iso = 1.2C/eq. 

The CI and H atoms of the major and minor co-crystalUzation components were modeled as a disorder involvmg two 
parts, each containing a chlorine atom and a hydrogen atom. The disorder was statistically significant for only one of the 
molecules m the asymmefric unit. The site occupancy for the major component refmed to 0.940 (2). 
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The 2-thiophene substituents are rotationally disordered. A model was developed in which the minor components of the 
thiophene rings were defined using the metrics of the major component as a guide. The disordered five-member rings 
were constrained to planarity using FLAT. Corresponding bond distances of the minor component and major component 
were set equal using SAME and corresponding thermal parameters were held the same using EADR All atoms were 
refined anisotropically with hydrogen atoms in calculated positions using a riding model. With these constraints, the site 
occupancy of the major component refined to 0.927 (2). 

Computing details 

Data collection: APEX2 (Bruker, 2010); cell refinement: SAINT {BmkQX 2010); data reduction: SAINT {BmkQX 2010); 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: PLATON (Spek, 2009) and Mercury (Macrae et al. , 2008); software used to 
prepare material for publication: publCIF (Wsstrip, 2010). 




Figure 1 

Perspective view of the title compound. Thermal parameters are drawn at the 50% probability level. Only major 
contributors to the disorder model are shown. 
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Figure 2 

Perspective drawing showing the intermolecular contacts forming chains parallel to [1 0 0]. Only the major components 
of the disorder model are shown. 



5-Chloro-2-(thiophen-2-yl)-1-(thiophen-2-ylmethyl)-1H-benzimidazole-6-chloro-2-(thiophen-2- 
yl)-1 -(thiophen-2-ylmethyl)-1 H-benzimidazole (0.94/0.06) 



Crystal data 

CsHiiClNzSz 
M,= 330.84 
Monoclinic, P2\ln 
fl= 12.7407(11) A 
6= 10.5126 (8) A 
c = 22.955 (2) A 
y9= 100.461 (3)° 
F= 3023.4 (4) A^ 
Z=8 

Data collection 

Broker SMART X2S benchtop 

diffractometer 
Radiation source: XOS X-beam microfocus 

source 

Doubly curved silicon crystal monochromator 
CO scans 

Absorption correction: multi-scan 

(SADABS; Broker, 2010) 
7U= 0.62, r„ax = 0.90 



F(000)= 1360 

Z),= 1.454 Mgm-3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 9493 reflections 

0 = 2.6-24.9° 

fi = 0.52 mm"' 

r=200K 

Plate, colourless 

0.80 X 0.40 X 0.20 mm 



32145 measured reflections 
5356 independent reflections 
4419 reflections with / > 2a(I) 
Rm = 0.072 

^inax 25 . 1 , ^inin 2.1 

A = -15^14 
I = -27^27 
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Refinement 

Refinement on 
Least-squares matrix: full 

> 2ff(i?2)] = 0.038 
wR{F^) = 0.093 
S= 1.08 
5356 reflections 
420 parameters 
227 restraints 

Primary atom site location: structure-invariant 
direct methods 



Secondary atom site location: difference Fourier 

map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = ll[a^{Fo^) + (0.0256P)2 + 1.7458/'] 

where P = (7^0^ + 2Fe2)/3 
(A/<t)^< 0.001 
^P^^ = 0.34 e 
Apmin = -0.44 e 



Special details 

Experimental. 'H NMR spectrum (CDCI3, 400 MHz, p.p.m.). 7.71 (1 H, d), 7.53 (1 H, d), 7.48 (1 H, d), 1.34 (1 H, s), 
7.28 (2 H, m), 7.17 (1 H, t), 6.96 (1 H, t), 6.91 (1 H, d), 5.60 (2 H, s). 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement ofF^ against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F^, 
conventional /{-factors R are based on F, with F set to zero for negative F^. The threshold expression of 7^ > cr(F^) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement, /^-factors based on 7^ 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


y 


z 


TI- *IU 

^iso ' ^eq 


Occ. (< 


1) 


Cll 


0.61379 (6) 


0.64223 (7) 


0.03514(3) 


0.0429 (2) 


0.9401 


(19) 


cm 


0.8208 (9) 


0.6153 (12) 


0.0775 (5) 


0.049 (4) 


0.0599 


(19) 


C12 


0.24867 (6) 


0.62779 (8) 


0.45858 (3) 


0.0552 (2) 






SI 


0.46460 (5) 


0.23990 (8) 


0.31622(3) 


0.0333 (2) 


0.9272 


(19) 


C8 


0.5695 (2) 


0.3464 (3) 


0.32835 (12) 


0.0277 (5) 


0.9272 


(19) 


C9 


0.6012 (3) 


0.3670 (5) 


0.3868 (2) 


0.0408(11) 


0.9272 


(19) 


H9 


0.6582 


0.4227 


0.4023 


0.049* 


0.9272 


(19) 


CIO 


0.5428 (4) 


0.2989 (4) 


0.42304 (16) 


0.0457 (9) 


0.9272 


(19) 


HIO 


0.5555 


0.3036 


0.4651 


0.055* 


0.9272 


(19) 


Cll 


0.4661 (3) 


0.2258 (4) 


0.39051 (14) 


0.0415 (8) 


0.9272 


(19) 


Hll 


0.4188 


0.1728 


0.4071 


0.05* 


0.9272 


(19) 


S201 


0.6207 (13) 


0.3828 (18) 


0.3975 (8) 


0.0333 (2) 


0.0728 


(19) 


C208 


0.5691 (18) 


0.347 (2) 


0.3258 (8) 


0.0277 (5) 


0.0728 


(19) 


C209 


0.495 (3) 


0.255 (4) 


0.3208 (14) 


0.0408(11) 


0.0728 


(19) 


H209 


0.4615 


0.2198 


0.284 


0.049* 


0.0728 


(19) 


C210 


0.471 (4) 


0.218 (5) 


0.3759 (17) 


0.0457 (9) 


0.0728 


(19) 


H210 


0.4162 


0.1597 


0.3805 


0.055* 


0.0728 


(19) 


C211 


0.537 (4) 


0.274 (5) 


0.4217 (14) 


0.0415 (8) 


0.0728 


(19) 


H211 


0.5372 


0.2563 


0.4623 


0.05* 


0.0728 


(19) 


S3 


-0.08034 (5) 


0.24052 (8) 


0.17321 (4) 


0.0362 (2) 


0.9272 


(19) 


C24 


0.0189 (2) 


0.3445 (3) 


0.16210(12) 


0.0291 (5) 


0.9272 


(19) 


C25 


0.0157 (3) 


0.3639 (5) 


0.10334(19) 


0.0409 (10) 


0.9272 


(19) 


H25 


0.0635 


0.419 


0.0883 


0.049* 


0.9272 


(19) 


C26 


-0.0651 (3) 


0.2945 (3) 


0.06668 (15) 


0.0427 (9) 


0.9272 


(19) 
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0.0418 (6) 
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H16 


0.935 


0.7939 


0.4153 


0.05* 




S4 


0.31336 (5) 


0.66291 (6) 0.16150(3) 


0.03820(17) 




C29 


0.27602 (16) 


0.5123 (2) 0.13586(11) 


0.0294 (5) 




C30 


0.26814 (17) 


0.5050(2) 0.07566(11) 


0.0351 (6) 




H30 


0.2493 


0.4297 


0.0533 


0.042* 




C31 


0.29151 (19) 


0.6233 (3) 0.05033 (12) 


0.0403 (6) 




H31 


0.2902 


0.6356 


0.0092 


0.048* 




C32 


0.3156(2) 


0.7157(3) 0.09140(12) 


0.0431 (7) 




H32 


0.332 


0.8008 


0.0823 


0.052* 




Atomic displacement parameters (A^) 




T 7l 1 


u 


LP' 


jjii 




T 791 


CU 


0.0563 (4) 


0.0435 (4) 


0.0311 (4) 


0.0043 (3) 


0.0138 (3) 


0.0081 (3) 


cm 


0.051 (6) 


0.063 (9) 


0.034 (7) 


-0.011 (5) 


0.009 (5) 


0.000 (6) 


C12 


0.0515 (4) 


0.0819 (6) 


0.0331 (4) 


-0.0096 (4) 


0.0102 (3) 


-0.0183 (4) 


SI 


0.0295 (4) 


0.0352 (4) 


0.0347 (4) 


-0.0119(3) 


0.0046 (3) 


0.0021 (3) 


C8 


0.0231 (10) 


0.0265 (13) 


0.0337 (14) 


-0.0024 (9) 


0.0057 (9) 


0.0012(11) 


C9 


0.033 (2) 


0.052 (2) 


0.038 (2) 


-0.0188 (16) 


0.0054(16) 


-0.0017(18) 


CIO 


0.0437 (16) 


0.063 (3) 


0.0309 (16) 


-0.0155 (16) 


0.0080(12) 


0.0035 (15) 


Cll 


0.0361 (14) 


0.0511 (19) 


0.038 (2) 


-0.0146 (13) 


0.0099 (15) 


0.0091 (17) 


S201 


0.0295 (4) 


0.0352 (4) 


0.0347 (4) 


-0.0119(3) 


0.0046 (3) 


0.0021 (3) 


C208 


0.0231 (10) 


0.0265 (13) 


0.0337 (14) 


-0.0024 (9) 


0.0057 (9) 


0.0012(11) 


C209 


0.033 (2) 


0.052 (2) 


0.038 (2) 


-0.0188(16) 


0.0054 (16) 


-0.0017(18) 


C210 


0.0437 (16) 


0.063 (3) 


0.0309 (16) 


-0.0155 (16) 


0.0080 (12) 


0.0035 (15) 


C211 


0.0361 (14) 


0.0511 (19) 


0.038 (2) 


-0.0146(13) 


0.0099 (15) 


0.0091 (17) 


S3 


0.0271 (4) 


0.0369 (5) 


0.0435 (4) 


-0.0089 (3) 


0.0037 (3) 


-0.0040 (3) 


C24 


0.0210(10) 


0.0310(13) 


0.0346 (14) 


0.0000 (9) 


0.0032 (9) 


-0.0021 (11) 


C25 


0.0257 (19) 


0.054 (2) 


0.043 (3) 


-0.0045 (15) 


0.0062 (13) 


-0.0012 (19) 


C26 


0.0367 (14) 


0.053 (3) 


0.0351 (16) 


0.0008 (15) 


-0.0030 (12) 


-0.0060(15) 


C27 


0.0280 (14) 


0.0468 (19) 


0.046 (2) 


-0.0060 (13) 


-0.0046 (13) 


-0.0113 (17) 


S203 


0.0271 (4) 


0.0369 (5) 


0.0435 (4) 


-0.0089 (3) 


0.0037 (3) 


-0.0040 (3) 


C204 


0.0210(10) 


0.0310(13) 


0.0346 (14) 


0.0000 (9) 


0.0032 (9) 


-0.0021 (11) 


C205 


0.0257 (19) 


0.054 (2) 


0.043 (3) 


-0.0045 (15) 


0.0062 (13) 


-0.0012 (19) 


C206 


0.0367 (14) 


0.053 (3) 


0.0351 (16) 


0.0008 (15) 


-0.0030 (12) 


-0.0060(15) 


C207 


0.0280 (14) 


0.0468 (19) 


0.046 (2) 


-0.0060 (13) 


-0.0046 (13) 


-0.0113 (17) 


Nl 


0.0219(8) 


0.0274(11) 


0.0308 (11) 


-0.0016 (7) 


0.0059 (8) 


0.0029 (9) 


N2 


0.0232 (9) 


0.0330(11) 


0.0311 (11) 


-0.0019(8) 


0.0067 (8) 


0.0024 (9) 


N3 


0.0216(9) 


0.0320(11) 


0.0291 (11) 


-0.0019 (8) 


0.0059 (7) 


-0.0055 (9) 


N4 


0.0207 (9) 


0.0320(11) 


0.0325 (11) 


-0.0012 (8) 


0.0048 (8) 


-0.0009 (9) 


CI 


0.0269(11) 


0.0248 (13) 


0.0299 (13) 


0.0019 (9) 


0.0086 (9) 


-0.0013 (10) 


C2 


0.0261 (10) 


0.0214(12) 


0.0315 (13) 


0.0016 (9) 


0.0078 (9) 


-0.0009 (10) 


C3 


0.0259(11) 


0.0303 (14) 


0.0413 (15) 


-0.0001 (9) 


0.0118(10) 


0.0007(11) 


C4 


0.0391 (13) 


0.0263 (14) 


0.0438 (16) 


-0.0008 (10) 


0.0230 (11) 


0.0012 (12) 


C5 


0.0433 (13) 


0.0223 (13) 


0.0317(14) 


0.0043 (10) 


0.0145 (11) 


0.0018 (11) 


C6 


0.0294(11) 


0.0306 (14) 


0.0324 (14) 


0.0053 (10) 


0.0071 (10) 


0.0012(11) 


C7 


0.0230(10) 


0.0262 (13) 


0.0299 (13) 


-0.0024 (9) 


0.0065 (9) 


-0.0026 (10) 


C12 


0.0217(10) 


0.0290(13) 


0.0356 (14) 


0.0020 (9) 


0.0042 (9) 


0.0053 (11) 


C17 


0.0239 (10) 


0.0252 (13) 


0.0283 (13) 


0.0015 (9) 


0.0047 (9) 


-0.0006(10) 


C18 


0.0224 (10) 


0.0266(13) 


0.0307 (13) 


0.0017 (9) 


0.0038 (9) 


0.0019 (10) 
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n m/^o /'1 1 ^ 
U.Uzoz IJ 


A AT C A /"I /1^ 


A A1 0 A ^^ 
U.UjzU (14) 


A AA/I A /I A^ 

U.UU4U (lU) 


A AAOl /I A^ 

u.uuy3 (10) 


A AAA1 /I 1 \ 

—0.0001 (11) 




U.03 /o (Iz) 


A A1 T C /I /I \ 

U.UiZD (14) 


A A'^ C A / 1 1 \ 

O.OZjy (13) 


A AAAyl /I A\ 

(J.U(J04 (lU) 


A AAylA /I A\ 

u,004y (10) 


A AA1 C / 1 1 \ 

—0.003 J (11) 


1 


u.ozoy (iij 


A AT /■ 1 /I \ 

O.U3z3 (14) 


A AO /I /■ 1 /I \ 

U.U340 (14) 


A A AT 1 /I A\ 

— U.UU33 (10) 


A AAOA /I A\ 

O.OOzO (10) 


A AAO A /■ 1 1 \ 

— 0.00z4 (11) 




A AO 1 O / 1 A\ 


kj.kjjZd (14) 


U.U340 (14) 


A AAAC /0^ 

u.uuuj (y) 


A AAOA /A\ 

0.00 /o (y) 


A AAO 1 / 1 1 ^ 

— O.OOz 1 (11) 




A mm /I A\ 
U.UZUz (iU) 


U.UzoU (13) 


A A'2 1 ^ /'I '2\ 

U.UjIj (13) 


A AAAO /OA 

— U.UUUz (V) 


A AAOO /OA 

o.oozz (y) 


A AA1 1 ^^ A\ 
0.0013 (10) 




A AT1 1 /I A\ 

U.Uzii (iUj 


A A1 1 C / 1 1\ 

U.031D (13) 


A A1 1/1/1 1\ 

U.U314 (13) 


A AAAA /Ci\ 

u.uuuu (y) 


A AATO /'C\\ 

0.00 /o (y) 


A AAOO /I 1 \ 

— O.OOoz (11) 


b2 


A A'2AO /"2\ 

O.Oiyo (3) 


U.U3Uz (4) 


A Ayl 1 A />1\ 
U.041U (4) 


A AA1 1 /'0\ 

— U.OUU (3) 


A AAOO 

O.OOz / (3) 


A AA/Cn /'0\ 

O.OOoy (3) 


CI J 


A A 1 OO /■! A^ 

U.Uivz (iUj 


A AT A1 / 1 

U.U3U1 (13) 


A AO ^^ A\ 
yJVjJy (14) 


A AAAO /OA 
U.UUUZ (V) 


O.OOo/ (y) 


A AA^O / 1 1 \ 
0.003Z (11) 




A AO CA /I 1 \ 

U.UzjV (1 IJ 


A Al AQ /■! /I ^ 

U.U34o (14) 


U.U30 / (1 J) 


A AAO 1 /■ 1 A\ 

— U.UUzl (lU) 


O.OOjo (10) 


A AAOO /■ 1 0\ 

0.00 /y (iz) 




A A1 1 T /I T\ 

U.Uiiz (izj 


A A^ O A /I "TA 

u.046y (1 /) 


A A1 jCO / 1 C\ 

0.(J3oo (1 j) 


A AAO O / 1 1 \ 

U.OUzz (11) 


A A A 11 /I A\ 

0.0013 (10) 


A AAO O / 1 1 \ 

— O.OOzo (13) 




\J.\Jjy 1 ylJ) 








\},\j\}\.0 \\.Z. J 




S4 


0.0412 (3) 


0.0324 (4) 


0.0424 (4) 


0.0001 (3) 


0.0117(3) 


-0.0055 (3) 


C29 


0.0193 (10) 


0.0344 (14) 


0.0353 (14) 


0.0007 (9) 


0.0070 (9) 


-0.0054(11) 


C30 


0.0282(11) 


0.0452 (16) 


0.0336 (14) 


-0.0016(11) 


0.0100(10) 


-0.0029 (12) 


C31 


0.0371 (13) 


0.0501 (18) 


0.0352 (15) 


0.0061 (12) 


0.0103 (11) 


0.0070(13) 


C32 


0.0464 (14) 


0.0340 (15) 


0.0520(18) 


0.0050 (12) 


0.0176(13) 


0.0077 (14) 



Geometric parameters (A, °) 



C\ 1 

v_-ll — V_/J 


1 7/11 (^\ 
1. /'41 (Z) 


XT^ P 1 7 


1 

i .3o3 \j ) 




i.oyo (iu) 


Xr^ P78 
IN 3 *^Zo 


i.'+OO (3 ) 


pio P7n 


1 . I^j (Z ) 




1 I 1 Q 

1 .3 i V (3) 






TSJ/I pi Q 


1 l,of, 

i . JoD \ J ) 


k>l 


1 ooo {X\ 
i. /Zo (3 ) 


P 1 PA 

— \^Ky 


i.3yu (3 ) 


i_-o — L^y 


i.jH- / ( J) 


pi po 

i-'i — y^z. 


i.H-UJ (3 ) 


PS P7 


1 4S7 


v^z — v^o 


1 .jyj yj ) 


C9— CIO 


1.408 (5) 


C3— C4 


1.377 (3) 


C9— H9 


0.95 


C3— H3 


0.95 


CIO— Cll 


1.355 (4) 


C4— C5 


1.401 (3) 


CIO— HIO 


0.95 


C4— H4 


0.95 


Cll— Hll 


0.95 


C5— C6 


1.380 (3) 


S201— C208 


1.701 (16) 


C5— H5 


0.95 


S201— C211 


1.719(16) 


C6— H6 


0.95 


€208— C209 


1.337 (16) 


C12— C13 


1.507 (3) 


C208— C7 


1.410(17) 


C12— H12A 


0.99 


C209— C210 


1.410(16) 


C12— H12B 


0.99 


C209— H209 


0.95 


C17— C22 


1.392 (3) 


C210— C211 


1.359 (16) 


C17— C18 


1.408 (3) 


C210— H210 


0.95 


C18— C19 


1.392 (3) 


C211— H211 


0.95 


C19— C20 


1.375 (3) 


S3— C27 


1.709 (3) 


C19— H19 


0.95 


S3— C24 


1.725 (3) 


C20— C21 


1.403 (3) 


C24— C25 


1.358 (5) 


C21— C22 


1.371 (3) 


C24— C23 


1.457 (3) 


C21— H21 


0.95 


C25— C26 


1.410(5) 


C22— H22 


0.95 


C25— H25 


0.95 


C28— C29 


1.507 (3) 


C26— C27 


1.358 (4) 


C28— H28A 


0.99 


C26— H26 


0.95 


C28— H28B 


0.99 


C27— H27 


0.95 


S2— C16 


1.706 (3) 


S203— C204 


1.703 (16) 


S2— C13 


1.725 (2) 
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s203 — C207 


1.717 (16) 


C13 — C14 


1.371 (3) 


C204 — C205 


1 O /I A /■ 1 /'N 

1.340 (16) 


C14 — C15 


1 A \ O i A\ 

1.418 (4) 


C204 — C23 


1 /1 1 A /I /r\ 

1.419 (16) 


A TT1 A 

C14 — ^H14 


A AC 

0.95 


C205 — L206 


1 vl 1 C /1 ^\ 

1.415 (16) 


C15 — C16 


1 >l O //I \ 

1.348 (4) 


C205 — H205 


A AC 

0.95 


C15 — H15 


A AC 

0.95 


C206 — C207 


1.357 (15) 


C16 — H16 


0.95 


LzOo — HzOo 


A AC 

0.95 


S4 — C32 


1 TAT /IX 

1.707 (3) 


C207 — H207 


A AC 

0.95 


C A C ' ("^ 

S4 — C29 


1.726 (2) 


Nl— C2 


1.383 (3) 


C29— C30 


1.369 (3) 


Nl— C7 


1.384 (3) 


C30— C31 


1.427 (4) 


Nl — Clz 


1,461 (3) 


C30 — H30 


A AC 

0.95 


N2 — C7 


1.319 (3) 


C3 1 — Ci2 


1 cr\ / A\ 

1.350 (4) 


N2 — CI 


1 TOO /T \ 

1.388 (3) 


1 T n 1 

C31 — H31 


A AC 

0.95 


N3 — C23 


1 T 0 1 /0\ 

1.381 (3) 


C32 — H32 


A AC 

0.95 


Cll — SI — C8 


A1 CT/1y1\ 

91.57 (14) 


/' c /^i 1 

C6 — C5 — Cll 


1 1 A 1/1 /I A\ 

119.14 (19) 


r~*c\ i~*o r^n 

C9 — Co — C7 


111 C /T \ 

131.5 (3) 


C4 — C5 — Cll 


1 1 T A A / 1 0\ 

117.90 (18) 


C9 — C8 — SI 


1 1 A '> 

110.3 (2) 


f^C TTC 

C6 — C5 — ^H5 


1 1 O C 

118.5 


C7 — C8 — SI 


1 1 O A /'^\ 

118.0 (2) 


A C TTC 

C4 — C5 — H5 


118.5 


C8 — C9 — CIO 


114.3 (3) 


1 /~^C TTC 

Cll — C5 — H5 


1.2 


/-10 r^C\ TTA 

Co — cy — wy 


IZZ.5 


/^c r^c 

C5 — Co — CI 


llo.o (2) 


A /~<A TTA 

CIO — C9 — H9 


122.8 


/~1C TT/' 

C5 — C6 — ^H6 


1 1 Z" 

121.6 


1 1 /— • 1 /"V A 

Cll — CIO — C9 


111 /' /O \ 

111.6 (3) 


CI — C6 — H6 


121.6 


/^1A TT1A 

Cll — ClU — HIO 


lz4.z 


XT'^ t~^n XT1 

N2 — C7 — Nl 


1 1 T 1 /0\ 

113.1 (2) 


cy — CIO — HIO 


lz4.z 


Nz — C / — CzOo 


111 O /"I A\ 

Izl.o (10) 


/—I 1 A /~" 11 CI 

CIO — Cll — SI 


112.2 (2) 


Nl — C7 — C208 


1 'I C 1 /I A\ 

125.1 (10) 


/"I 1 /A /-I 11 T T 1 1 

CIO — Cll — Hll 


123.9 


N2 — C7 — C8 


122.7 (2) 


CI TT11 

SI — Cll — Hll 


in A 

123.9 


XT1 "7 /^O 

N 1 — C7 — C8 


124.2 (2) 


CzOo — SzO 1 — Cz 1 1 


AA T /I 1 \ 

90.7 (11) 


C208 — C7 — C8 


1.3 (12) 


C209 — C208 — C7 


123 (2) 


Nl — C12 — C13 


11/1 1 / 1 rt\ 

114.12 (18) 


/^'^AA /^'^AO ClAI 

C209 — C208 — S20 1 


112.8 (13) 


JN 1 — C12 — H12A 


1 AO n 

108.7 


C7 — C208 — S20 1 


1 T> T /I A\ 

123.7 (19) 


/"^l*^ TTI'^A 

C13 — C12 — H12A 


1 AO n 

108.7 


CzOo — Cz09 — C2 1 0 


112.7 (16) 


XT1 O TT1 '^Ti 

JNl — C12 — H12B 


1 AO n 

108.7 


AO /"^'^ AA TT-^ AA 

C208 — C209 — H209 


123.6 


C13 — C12 — H12B 


108.7 


1 A AA TT-^ AA 

C210 — C209 — H209 


123.6 


T T 1 A 1 '^ T T 1 '^Tl 

H12A — C12 — H12B 


107.6 


C211 — C210 — C209 


111 T /I '7\ 

111.7 (17) 


N3 — C17 — C22 


132.0 (2) 


1 1 1 A TT^ 1 A 

C2 1 1 — C2 1 U — HI 1 0 


124.2 


XT'? 1 T Z"' 1 O 

N3 — C17 — CI 6 


1 AC /IT / 1 0\ 

105.43 (18) 


/' ' ^ A A /" ' TT^IA 

C209 — C2 1 0 — H2 1 0 


124.2 


C22 — C 1 7 — C 1 8 


122.6 (2) 


C2 1 0 — C2 1 1 — S20 1 


111.9 (15) 


XT /I 1 o 1 A 

N4 — CI 8 — C19 


1 '^A /I A\ 

129.87 (19) 


C210 — C211 — ^H211 


t ^ A 1 

124,1 


XT /I 1 O 1 T 

N4 — Clo — CI 7 


110.2 (2) 


CTA1 /""Oil TT^II 

S201 — C211 — H211 


1 A 1 

124.1 


r^'K C\ /^10 /"^IT 

C19 — C18 — C17 


1 ^A A 

120.0 (2) 


C27 — S3 — C24 


A1 /'C/I/IX 

91.65 (14) 


C20 — CI 9 — C18 


116.6 (2) 


C25 — C24 — C23 


131.2 (3) 


^'**A 1 A TT1 A 

C20 — C19 — HI 9 


1 1 T 

121.7 


Cz3 — Cz4 — s j 


1 10.6 (z) 


1 O /"^ 1 A rj 1 A 

C 1 0 — C 1 9 — H 1 9 


Izl. / 


C23— C24— S3 


118.1 (2) 


C19— C20— C21 


123.5 (2) 


C24— C25— C26 


113.7 (3) 


C19— C20— C12 


118.46(18) 


C24— C25— H25 


123.1 


C21— C20— C12 


118.05 (18) 


C26— C25— H25 


123.1 


C22— C21— C20 


120.3 (2) 


C27— C26— C25 


111.9 (3) 


C22— C21— H21 


119.9 
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C27— C26— H26 
C25— C26— H26 
C26— C27— S3 
C26— C27— H27 
S3— C27— H27 
C204— S203— C207 
C205— C204— C23 
C205— C204— S203 
C23— C204— S203 
C204— C205— C206 
C204— C205— H205 
C206— C205— H205 
C207— C206— C205 
C207— C206— H206 
C205— C206— H206 
C206— C207— S203 
C206— C207— H207 
S203— C207— H207 
C2— Nl— C7 
C2— Nl— C12 
C7— Nl— C12 
C7— N2— CI 
C23— N3— C17 
C23— N3— C28 
C17— N3— C28 
C23— N4— C18 
N2— CI— C6 
N2— CI— C2 
C6— CI— C2 
Nl— C2— C3 
Nl— C2— CI 
C3— C2— CI 
C4— C3— C2 
C4— C3— H3 
C2— C3— H3 
C3— C4— C5 

C3— C4— cm 
C5— C4— cm 

C3— C4— H4 
C5— C4— H4 
cm— C4— H4 
C6— C5— C4 



124.0 
124.0 
112.1 (2) 
123.9 
123.9 
91.1 (11) 
120 (2) 

112.5 (13) 
128.0(19) 
112.7(16) 
123.7 
123.7 

112.1 (17) 
124.0 
124.0 
111.6(15) 
124.2 
124.2 

106.10(18) 
124.36 (17) 
129.22 (19) 

104.91 (17) 
106.32 (17) 
129.24(19) 
124.14(17) 

104.92 (17) 

129.6 (2) 
110.2(2) 

120.2 (2) 
131.7(2) 
105.68 (18) 

122.6 (2) 
116.7(2) 
121.6 
121.6 

120.7 (2) 

134.4 (4) 

104.5 (4) 
119.7 
119.7 
16.2 

123.0 (2) 



C20— C21— H21 
C21— C22— C17 
C21— C22— H22 
C17— C22— H22 
N4— C23— N3 
N4— C23— C204 
N3— C23— C204 
N4— C23— C24 
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N3— C28— C29 
N3— C28— H28A 
C29— C28— H28A 
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C29— C28— H28B 
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C16— S2— C13 
C14— C13— C12 
C14— C13— S2 
C12— C13— S2 
C13— C14— C15 
C13— C14— H14 
C15— C14— H14 
C16— C15— C14 
C16— C15— H15 
C14— C15— H15 
C15— C16— S2 
C15— C16— H16 
S2— C16— H16 
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C30— C29— C28 
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123.4(10) 
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108.8 
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91.71 (13) 
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112.4(2) 
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91.59(13) 

126.4 (2) 
111.14(19) 
122.31 (17) 
112.3 (2) 
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112.4(2) 
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123.8 
112.6(2) 
123.7 
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Cll— SI— C8— C9 
Cll— SI— C8— C7 
C7— C8— C9— CIO 
SI— C8— C9— CIO 
C8— C9— CIO— Cll 
C9— CIO— Cll— SI 



0.0 (3) 
-175.5 (2) 
174.6 (3) 
-0.1 (5) 
0.2 (6) 
-0.2 (5) 



C9— C8— C7— Nl 
SI— C8— C7— Nl 
C9— C8— C7— C208 
SI— C8— C7— C208 
C2— Nl— C12— C13 
C7— Nl— C12— C13 



41.4 (5) 
-144.2 (2) 
180.100 
-10.40 
91.6(3) 
-95.8 (3) 
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Hydrogen-bond geometry (A, ") 
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Symmetry code: (i) x-l,y, z. 
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